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Claims 

1. A type of astigmatism-correcting zoom liquid crystal lens characterized by the 
following facts: the zoom liquid crystal lens has a liquid crystal layer and electrode base plates 
for applying voltage on the liquid crystal layer; in this zoom liquid crystal lens, the voltage 
applying electrode formed on at least one of said electrode base plates is divided into plural 
portions, and a desired potential distribution is realized on the voltage applying electrode so as to 

is performed. 



2 



2. The astigmatism-correcting zoom liquid crystal lens described in Claim 1 characterized 
by the fact that the voltage applying electrode divided to plural portions is made of 
semiconductor elements and transparent electrodes. 

3. The astigmatism- correcting zoom liquid crystal lens described in Claim 1 characterized 
by the fact that the electrode base plates are set facing each other with the liquid crystal layer 
sandwiched between them, and the voltage applying electrodes formed on both said base plates 
are divided into plural portions. 

4. The astigmatism-correcting zoom liquid crystal lens described in Claim 3 characterized 
by the fact that the voltage applying electrodes are set orthogonally. 

5. The astigmatism-correcting zoom liquid crystal lens described in Claim 3 characterized 
by the fact that the voltage applying electrode formed on one of said electrode base plates has a 
concentric configuration, and the voltage applying electrode formed on the other electrode base 
plate has a radial configuration. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a type of zoom liquid crystal lens. Especially, the 
present invention pertains to a type of astigmatism-correcting zoom liquid crystal lens that can 
correct astigmatism. 

Prior art 

For patients with eye diseases, such as cataracts, etc., and have the crystalline lenses 
extracted, it is necessary to prepare several pairs of eye glasses having different focal distances, 
respectively, for use in the cases of different distances. This is inconvenient for the patients. 
Consequently, there is a demand for development of zoom eye glasses that allow free change of 
the focal distance. Also, for the focal distance-adjustable lens known as zoom lens as a type of 
optical lens, adjustment of the focal distance is realized by changing the distances between the 
plural individual lenses of a lens group as the zoom lens. Consequently, a lens moving 
mechanism for driving the lens group becomes indispensable. As a result, the requirement for 
small size and low cost cannot be well met. There is thus a demand for development of a type of 
zoom lens that allows free change of the focal distance without moving the lenses. 

Liquid crystal usually has a slender rod-shaped molecular structure with a length of tens 

of A and a width of several A. The dielectric constant parallel to the axial directio n_of the,liquid_ 

crystal molecule and that in the direction perpendicular to the axial direction are not the same. 
The liquid crystal having the former larger than the latter is called a positive liquid crystal, and 
the liquid crystal having the latter larger than the former is called a negative liquid crystal. 
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When a field effect liquid crystal with a positive dielectric anisotropy is loaded between 
two transparent electrode base plates, and an AC voltage over the threshold is applied on the 
liquid crystal cell so that the liquid crystal molecules are set parallel to the base plates, under the 
force acting on the dipolar moment of the liquid crystal molecules, the liquid crystal molecules 
have their orientation changed so that the liquid crystal molecular axis becomes the voltage 
applying direction. Consequently, depending on the level of the applied voltage, the liquid 
crystal molecules oriented parallel to the base plate have their orientation changed continuously 
to the perpendicular direction. Consequently, with respect to the incident light polarized in the 
direction of orientation of the liquid crystal molecules, the apparent refractive index of the liquid 
crystal cell can be changed continuously from the value for the ordinary light to the value for the 
extraordinary light. 

Because said so-called field controlled birefringence effect depends on the relationship 
between the electric energy and the elastic energy, it is independent of the thickness of the liquid 
crystal cell, and it can be adjusted as a function of the applied voltage instead of the applied 
electric field. That is, even when the liquid crystal cell is formed to have a shape of a lens, with 
thickness of the liquid crystal cell different at different sites, it is still possible to realize a 
uniform change in the optical refractive index. Consequently, when a liquid crystal having a 
positive dielectric anisotropy is sealed between base plates having a shape of the lens with the 
liquid crystal molecules oriented in an appropriate direction, and controlling the orientation 
direction of the liquid crystal molecules by means of the applied voltage, the apparent refractive 
index is changed. As a result, the focal distance of the liquid crystal lens can be changed 
continuously from value Fe for the extraordinary light to value Fo for the ordinary light. When a 
liquid crystal having negative dielectric anisotropy and oriented perpendicularly is used, change 
in the focal distance with respect to the applied voltage becomes inverted. Even when an 
magnetic field is applied in place of the application of voltage, it is possible to change the 
orientation of the liquid crystal molecules. Consequently, it is also possible to form a zoom lens 
by means of a magnetic field. 

Problems to be solved by the present invention 

However, the conventional liquid crystal eye glasses have no measure for compensating 
the astigmatism. The cornea of the human eye is not a perfect spherical surface even near the 
center, and the curvature depends on the direction of the plane containing the optical axis, that is, 
the meridian plane. Usually, the curvature on the meridian plane in the perpendicular direction is 
strong, and when represented as the refractive power, the refractive power in this direction is 
about 0.5-1.0 D higher than that in the horizontal direction. However, there is also astigmatism in 
the crystalline lens, and this astigmatism cancels that astigmatism of the cornea. When said 
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cancellation is insufficient, the overall optical system of the eye has an astigmatism, and the eye 
is known as an astigmatic eye. In order to correct the astigmatism, a lens having different 
refractive powers with respect to the two principal meridians that are perpendicular to each other 
is used to cancel the astigmatism of the eye. For the astigmatism-correcting eye glasses using 
conventional glass lenses, etc., a toric surface is adopted as the front surface or the rear surface. 
For the liquid crystal lens, too, people have also proposed that electrode base plates with toric 
surfaces formed on them be used. However, in this case, it is necessary to process the electrode 
base plates corresponding to the individual difference in the astigmatism correction quantity, and 
the processing cost is very high. This is undesirable. Also, in the case of abnormal astigmatism 
due to irregular bumps and dips on the surface of the cornea, it is impossible to correct the 
astigmatism by simply using an astigmatic lens. 

Means to solve the problems 

In order to solve the aforementioned problem, the present invention provides a type of 
astigmatism-correcting zoom liquid crystal lens characterized by the following facts: the zoom 
liquid crystal lens has a liquid crystal layer and electrode base plates for applying voltage on the 
liquid crystal layer; in this zoom liquid crystal lens, the voltage applying electrode formed on at 
least one of said electrode base plates is divided into plural portions, and a desired potential 
distribution is realized on the voltage applying electrode so as to control the state of orientation 
of the liquid crystal molecules; as a result, astigmatism correction is performed. 

Operation 

According to the present invention, the voltage applying electrode formed on at least one 
of the electrode base plates is divided into plural portions, and appropriate voltages are applied 
on the divided voltage applying electrodes. Consequently, an appropriate potential distribution is 
formed on said electrode base plate. As the orientation state of the liquid crystal molecules sealed 
between the electrode base plates is determined according to said potential distribution, it is 
possible to change the refractive index of the liquid crystal layer as a one-dimensional or 
two-dimensional function on said electrode base plate. Consequently, it is possible to provide a 
type of astigmatism-correcting zoom liquid crystal lens that can correct the overall astigmatism 
of the entire optical system of the eye. 

Application examples 

In the following, the present invention will be explained in more detail with reference to 
application examples illustrated with figures. (1) represents the electrode base plates. Said 
electrode base plates (la), (lb) are set facing each other with the liquid crystal layer sandwiched 
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between them. On electrode base plate (la), the voltage applying electrode is divided into plural 
portions (1 1), (1 1), . . . , and electrodes (1 1), (1 1), ... are electrically insulated from other 
electrodes (1 1), (1 1), ... , respectively. For voltage applying electrodes (1 1), (1 1), . . . formed on 
electrode base plate (la), adjacent electrodes are connected to each other via resistor r. At nearly 
the center of electrode base plate (la), corresponding voltage applying electrode (11) and the 
terminating ends of resistors n, r 2 ,. . . and r 5 , r 6) . . . (n and r 8 as shown in Figure 1) are connected 
to power source part (2). Electrode base plates (1) should be made of a material that is as 
transparent as possible, and it is necessary to form the voltage applying electrode on the base 
plate surface in contact with the liquid crystal layer. Especially, voltage applying electrodes (1 1), 
(1 1),. . of electrode base plate (la) have to be divided into plural portions. After the NESA film 
and ITO film are formed on electrode base plate (la), patterning is performed by means of the 
photoetching method or a laser beam. Because voltage applying electrodes (1 1), (1 1), . . formed 
on electrode base plate (la) are electrically insulated from other voltage applying electrodes (11), 
(1 1 ),. .., it is possible to apply different voltages on different voltage applying electrodes (11). 
That is, because the orientation state of the liquid crystal molecules depends on the applied 

» 

voltage, by applying different voltages on different voltage applying electrodes (1 1), it is 
possible to have the refractive index of the liquid crystal layer change in the lateral (horizontal) 
direction on the electrode base plate. In the application example shown in Figure 1, by means of 
dividing resistors n - r 9 , the voltage is divided into the desired voltages for application. As a 
result, different voltages are applied on voltage applying electrodes (11), respectively. 
Consequently, first of all, the localized distribution (distribution in the lateral direction) needed 
c for astigmatism correction is computed, and the corresponding applied voltage distribution is 
computed. According to the applied voltage distribution, the voltage applied on each voltage 
applying electrode (1 1) is determined. The resistances of dividing resistors r for dividing the 
voltage are computed. The liquid crystal lens with said constitution can be used to correct the 
astigmatism (the straight astigmatism in this example) just as the conventional optical lens. Also, 
in this application example, variable resistor (3) and switch (4) are set for adjusting the bias 
voltage. Variable resistor (3) for adjusting the bias voltage is for setting the voltage as standard. 
Consequently, by adjusting the voltage of power source (2), it is possible to change the focal 
distance of the liquid crystal lens. Consequently, the liquid crystal lens with said constitution 
becomes an astigmatism-correcting zoom liquid crystal lens. With switch (4) as A-side, the 
highest voltage is applied on the central portion so that the refractive index becomes smaller. 
Then, as the position moves to the peripheral portion, the refractive index ^gradually increased 
in this constitution. On the other hand, when switch (4) is taken as B-side, contrary to said case, 
the constitution has the highest refractive index at the central portion. Also, in the present 
invention, the voltage applying electrode of electrode base plate (la) is divided into 10 voltage 
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applying electrodes. However, as needed, it is possible that the dividing number be as large as 
needed. Also, the applied voltage is divided with dividing resistors r. However, the voltage 
dividing scheme is not limited to resistors, and the desired voltages can be obtained using any 
method. In the aforementioned scheme, by changing the voltage of power source (2) and, at the 
same time, changing the voltage applied on electrode base plate (1) by means of bias voltage 
adjusting variable resistor (3). However, one may also adopt other schemes, such as the scheme 
in which the repeating frequency, duty ratio, etc. are changed. That is, any scheme that can 
change the effective value of the applied voltage may be adopted. In said application example, 
only the transparent electrode is adopted as voltage applying electrode (1 1). In addition, it is 
possible to adopt a combination of transparent electrodes and semiconductor elements as said 
voltage applying electrodes (11). That is, semiconductor elements are set as a matrix 
configuration on electrode base plate (la) to drive the liquid crystal layer. This type of system is 
usually called an active matrix system. The cross talk effect does not become a problem, and it is 
possible to manufacture very fine electrodes. In addition, it is possible to apply any controlled 
voltages on the various electrodes. Consequently, it is possible to correct the astigmatism with a 
high precision. 

In the following, an explanation will be given regarding an application example in which 
electrode base plates (1) are set opposite each other with a liquid crystal layer sandwiched 
between them and voltage applying electrodes (11) formed on both base plates (1) are divided 
into plural portions. First, an explanation will be given regarding the matrix system shown in 
Figure 2. (1 la) represents a vertical voltage applying electrode group formed on electrode base 
plate (la), and (lib) represents a horizontal voltage applying electrode group formed on 
electrode base plate (lb). Vertical voltage applying electrode group (11a) and horizontal voltage 
applying electrode group (1 lb) are set facing each other with the liquid crystal layer sandwiched 
between them. Voltage applying electrodes (1 1) are connected to a driving voltage means, and a 
prescribed voltage is applied at any cross point C of the electrode groups using an appropriate 
driving method. For example, V5 is selected from vertical voltage applying electrode group (11a), 
Hi is selected from horizontal voltage applying electrode group (lib), and the desired voltage is 
^applied at cross point C15 Similarly, when H=H4 and V=V 2 are-selected, the desired voltage is 
applied on cross point C42. When H=H 5 and V=V 6 are selected, the desired voltage is applied on 
cross point C56 Consequently, it is possible to change the refractive index of the liquid cry stal 
layer as a function of the site (two-dimensional) on electrode base plate (1). That is, the 
distribution of the refractive index needed for correcting the astigmatism is computed, and the 
corresponding distribution of the applied voltage is determined. As a result, an 
astigmatism-correcting liquid crystal lens is provided. In addition, by changing the effective 
value of the overall applied voltage, it is possible to change the focal distance of the liquid 
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crystal lens. As a result, an astigmatism-correcting zoom liquid crystal lens can be provided. 
Also, for vertical voltage applying electrode group (11a) and horizontal voltage applying 
electrode group (lib), it is preferred that the number of the electrodes be increased as needed. 
Also, any the driving method such as the voltage averaging driving method, 2-frequency driving 
method, etc., may be adopted. However, it is preferred that a method that can alleviate the 
cross-talk effect be adopted. The 1/3 bias driving method is especially preferred. In the 
aforementioned application example, voltage applying electrodes (1 la), (1 lb) are set 
orthogonally. However, it is possible to form one of electrode base plates (1) as concentric 
circular shaped electrodes, while forming the other electrode base plate (1) as radial electrodes. 
In this case, too, it is possible to apply any voltages on the cross points of the electrodes. 

Also, at least one of electrode base plates (1) may be formed in a lens shape, or as a 
Fresnel lens structure. When at least one of electrode base plates (1) has a Fresnel lens structure, 
it is possible to reduce the effective thickness of the liquid crystal lens. The matrix type voltage 
applying electrodes with said constitution can correct normal astigmatism, such as straight 
astigmatism, side astigmatism, and oblique astigmatism, etc. Also, this [design] can correct 
abnormal astigmatism due to abnormality of the cornea. Also, this invention is not limited to eye 
glasses. It may also be adopted in the viewing adjusting lens attached on the finder of camera, 
binocular, and other general optical machines. 

Effects 

In the present invention with the aforementioned constitution, a prescribed potential 
distribution is given to the plural divided voltage applying electrodes, and it is possible to control 
the orientation state of the liquid crystal molecules. Consequently, it is possible to change the 
focal distance and to correct astigmatism. Also, there is no need to perform machine processing 
corresponding to the astigmatism correction quantity. Consequently, the processing cost can be 
reduced. These are excellent effects of the present invention. 

Brief description of the figures 

The.figures illustrates an application example of the present invention. Figure 1 is a 
schematic diagram illustrating the application example. Figure 2 is a diagram illustrating the 
matrix application system. 

1 Electrode base plate 

2 Power source part 

3 Variable resistor for adjusting bias voltage 

4 Switch 
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1 1 Voltage applying electrode 




Figure 1 
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Abstract Text - FPAR (1) : 

PURPOSE: To vary the focal length of a liquid crystal 
lens and to correct 

astigmatism by giving plural divided impression electrodes 
a desired potential 

distribution and controlling the orientation state of 
liquid crystal molecules. 



Abstract Text - FPAR (2) : 

CONSTITUTION: The impression electrodes 11, 11... 
formed on an electrode 

substrate la are insulated electrically from one another, 
so mutually different 

voltages can be impressed to the respective impression 
electrodes 11. Namely, 

the orientation state of liquid crystal molecules vary 
depending upon the 

impressed voltages, so the mutually difference voltages are 
impressed to the 

electrodes 11 to vary the refractive index of a liquid 
crystal layer laterally 

(horizontally) on the electrode substrate. In this case, a 
voltage is divided 

into the respective desired impressed voltages through 
division resistances 

r<SB>l</SB>∼r<SB>9</SB> and the mutually different 
voltages are impressed 

to the respective impression electrodes 11. For the 
purpose, a place 

distribution of refractive indexes (lateral distribution) 
required to correct 

astigmatism is calculated and an impressed voltage 
distribution corresponding 

to it is calculated. Then, the impressed voltages to the 
respective impression 

electrodes 11 are determined according to the impressed 
voltage distribution 

and the electric resistance values of the division 
resistances (r) are only 

calculated so as to divide the voltage to the determined 
voltage values. 
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